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Triticum aestivumAbstract Two outdoor pot experiments were conducted in two consecutive years under outdoor
conditions during the wheat growing season in Saudi Arabia to determine the effects of urea and
certain compound fertilizers (NPK), compared to the effects of the nematicide fenamiphos on
the cereal cyst nematode (CCN), Heterodera avenae, and wheat growth. The results showed that
all of the treatments, except the fertilizer diammonium phosphate (DAP), reduced the number of
nematode cysts/root system and increased (P 6 0.05) the dry weight of nematode-infected wheat
plants. Fenamiphos and urea resulted in the best control, followed by the NPK fertilizers. The com-
bined application of urea and fenamiphos resulted in the most signiﬁcant effect in decreasing
(P 6 0.05) the number of cysts/root system and increasing (P 6 0.05) the growth of nematode-
infected wheat plants.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Wheat, Triticum aestivum L., is the most important ﬁeld crop
in the Kingdom of Saudi Arabia. In 2011, the total cultivated
area in the Kingdom covered up to 193 thousand hectares andyielded approximately 1.18 million metric tons of grains
(Anon., 2012). Unfortunately, this crop species is attacked
by certain pathogens and weeds in all wheat growing regions
of the Kingdom, which affected its growth and yield. In this
context, the cereal cyst nematode, Heterodera avenae Woll.
1924 (CCN), is considered the most signiﬁcant yield-limiting
pathogen (Al-Hazmi and Dawabah, 2009). Over the years,
the spread of CCN has increased throughout the country
(Al-Hazmi and Dawabah, 2009), which has signiﬁcantly
affected the growth and physiology of infected wheat and
barley plants (Al-Yahya et al., 1998). Yield losses as much as
92% have been observed in heavily-infested sites of certain
wheat ﬁelds in the Riyadh region (Ibrahim et al., 1999).
Control strategies for CCN in Saudi Arabia have primarily
relied on the use of nematicides. Crop rotation and cultural
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yet been introduced. Growers throughout Saudi Arabia use cv.
Yecora Rojo because of its favorable agronomic traits.
However, this cultivar is highly susceptible to CCN (Al-Hazmi
et al., 1994; Youssif, 1987). Because of the signiﬁcant hazards
of nematicide use, effective alternative control methods would
be preferred for managing CCN in Saudi wheat ﬁelds. In
addition to crop rotation and commonly used chemical control
methods, cultural methods may also provide good tools for
CCN management programs in Saudi Arabia. One of these
cultural methods, is the application of mineral fertilizers
(which also have nutritional value). These fertilizers have long
been known to affect populations of plant–parasitic nema-
todes, and they represent a potential tool for nematode
management programs (Coyne et al., 2004).
Organic and inorganic nitrogen amendments have been
added to soils for centuries to improve soil fertility and
increase crop yields. The nematicidal effects of a number of
these amendments have been recognized for some time, and re-
views of this subject have been published (Muller and Gooch,
1982; Rodriguez-Kabana, 1986). Inorganic fertilizers contain-
ing ammoniac nitrogen or formulations that release this form
of nitrogen into the soil are the most effective in suppressing
nematode populations (Rodriguez-Kabana, 1986). Anhydrous
ammonia has also been shown to reduce the soil populations
of many plant–parasitic nematode species, including stunt,
spiral, lesion and cyst nematodes (Alam, 1992).
The objectives of this work were to determine the effects of
urea, certain compound fertilizers (NPK) and the combination
of urea and the nematicide fenamiphos on the reproduction of
H. avenae on wheat and on the growth of infected wheat plants
under outdoor conditions in Saudi Arabia.
2. Materials and methods
This study investigates the effects of urea and certain
compound fertilizers (NPK) on the reproduction of the cerealTable 1 Effects of selected fertilizers on the number of cysts that de
soil naturally infested with Heterodera avenae, 80 days after planting
Treatment Pi = 27 eggs/g
No. cysts/root
system
Nematode-infested soil control (N) 9.2
Autoclaved soil (free control) 0.0
N + Fenamiphos, (0.08 g/pot = 40 kg/ha) 0.4
N +Urea (1.20 g/pot = 600 kg/ha at one dose) 2.6
N +Urea (1.20 g/pot = 600 kg/ha at three split doses) 4.2
N +MapB 11-52-00 (0.70 g/pot = 350 kg/ha) 5.4
N +DapC 18-46-00 (0.80 g/pot = 400 kg/ha) 6.0
N +NPK 14-38-10 (1.00 g/pot = 475 kg/ha) 5.8
N +NPK 11-29-19 (1.20 g/pot = 600 kg/ha) 6.0
N +NPK 28–28-00 (1.25 g/pot = 625 kg/ha) 6.0
Overall means of whole plots (nematode Pi) 4.56 b
The original data were transformed to the square root of (x+ 1) before
The presented data are the original mean values of ﬁve replicates.
The overall mean values in a column followed by the same letter(s) are
transformed data.
A Compared to infested soil (N treatment).
B Monoammonium phosphate.
C Diammonium phosphate.cyst nematode (CCN), H. avenae, and the response of wheat
plants (T. aestivum L. cv. Yecora Rojo), compared to the effects
of the nematicide fenamiphos in two outdoor pot experiments.
The ﬁrst experiment was conducted to examine how the
reproduction of H. avenae and wheat growth are affected by
urea and certain compound fertilizers, which included mono-
ammonium phosphate (MAP), diammonium phosphate
(DAP) and various NPK compounds, compared to the nema-
ticide fenamiphos. Twenty treatments were arranged in a
split-plot design experiment. The two whole plot treatments
consisted of the adjustment of the levels of nematode soil infes-
tation (Pi = 27 and 54 eggs/g soil), and the ten sub-plot treat-
ments involved the application of fenamiphos, urea and
different forms of compound fertilizers, such as MAP, DAP
and some other NPK compounds (Tables 1 and 2). Plastic pots
(16 cm diam.) were ﬁlled with H. avenae-naturally infested soil
at the two levels of infestation noted above and/or autoclaved
ﬁeld soil. All fertilizers and fenamiphos were applied at the
rates recommended by the manufacturers (Table 1). The con-
trol treatments involved; (1) naturally-nematode-infested soil
without any additives (nematode control), and (2) autoclaved
naturally-infested soil (free control). Five wheat grains were
sown in each pot. Immediately after emergence, the seedlings
were thinned to three seedlings per pot. All treatments were
applied at planting, except for the urea treatment involving
three split doses, in which urea was applied at three separate
times (at planting, 3 weeks after germination and 6 weeks after
germination). The plants were left outdoors during the wheat
growing season and irrigated as needed until the end of the
experiment (80 days after planting).
The second experiment was conducted to investigate the
combined effects of urea and fenamiphos on the reproduction
of H. avenae and wheat growth. This experiment was arranged
in a factorial-RCBD experiment with the following three fac-
tors: (1) soil naturally infested with H. avenae at three levels
of infestation (0 = autoclaved ﬁeld soil (nematode-free con-
trol), 8 eggs/g soil, or 16 eggs/g soil); (2) fenamiphos 10G atveloped on the roots of wheat plants (cv. Yecora Rojo) grown in
(ﬁrst outdoor pot experiment).
soil Pi = 54 eggs/g soil Overall means of
sub-plots
(treatments)
% DecreaseA No. cysts/root
system
% DecreaseA
– 16.4 – 12.80 a
– 0.0 – 0.00 f
95.7 0.8 95.1 0.60 f
71.7 5.0 69.5 3.80 e
54.4 7.6 53.7 5.90 d
41.3 9.8 40.2 7.60 cd
34.8 16.2 1.2 11.10 ab
37.0 8.0 51.2 6.90 cd
34.8 11.0 32.9 8.50 bc
34.8 10.0 39.0 8.00 c
8.48 a
ANOVA.
not signiﬁcantly different (P 6 0.05), based on the analysis of the
Table 2 Effects of selected fertilizers on the dry weight (g) of wheat plants (cv. Yecora Rojo) grown in soil naturally infested with
Heterodera avenae, 80 days after planting (ﬁrst outdoor pot experiment).
Treatment Pi = 27 eggs/g soil Pi = 54 eggs/g soil Overall means
of sub-plots
(treatments)
Plant dry
weight (g)
% IncreaseA Plant dry
weight (g)
% IncreaseA
Nematode-infested soil control (N) 1.94 – 1.72 – 1.83 e
Autoclaved soil (free control) 6.48 234.0 5.80 237.2 6.14 a
N+ Fenamiphos, (0.08 g/pot = 40 kg/ha) 3.20 64.9 3.24 88.4 3.20 bc
N+ Urea (1.20 g/pot = 600 kg/ha at one dose) 3.56 87.4 3.42 98.9 3.49 b
N+ Urea (1.20 g/pot = 600 kg/ha at three split doses) 2.30 21.1 2.34 36.0 2.32 de
N+MapB 11-52-00 (0.70 g/pot = 350 kg/ha) 2.54 30.9 2.55 48.3 2.55 d
N+ DapC 18-46-00 (0.80 g/pot = 400 kg/ha) 2.88 48.5 2.76 60.5 2.82 cd
N+ NPK 14-38-10 (1.00 g/pot = 475 kg/ha) 2.88 48.5 2.48 44.2 2.68 cd
N+ NPK 11-29-19 (1.20 g/pot = 600 kg/ha) 2.62 35.1 2.50 45.3 2.56 d
N+ NPK 28-28-00 (1.25 g/pot = 625 kg/ha) 2.72 40.2 2.45 42.2 2.59 d
Overall means of whole plots (nematode Pi) 3.11 a 2.93 a
The presented data are the mean values of ﬁve replicates.
The mean values in a column followed by the same letter(s) are not signiﬁcantly different (P 6 0.05).
LSD0.05 interaction of nematode Pi (whole plots) · treatments (sub plots) = 0.88.
A Compared to infested soil (N treatment).
B Monoammonium phosphate.
C Diammonium phosphate.
Effect of urea and certain NPK fertilizers on the cereal cyst nematode 193two levels (0 and 40 kg/ha); and (3) urea at three levels [0 or
600 kg/ha, with three equal applications (200 kg/ha, each),
and 600 kg/ha, with four equal applications (150 kg/ha, each)].
Plastic pots (16 cm diam.) were ﬁlled with soil naturally
infested with H. avenae at the three levels of infestation noted
as above. Pots were then sown with ﬁve wheat (T. aestivum cv.
Yecora Rojo) grains per pot. The resultant seedlings were
thinned to a density of three seedlings per pot, immediately
after emergence. The ﬁrst urea and fenamiphos treatments
were applied at planting. The second, third and fourth urea
applications were performed at 15-day intervals after germina-
tion. The plants were left outside during the wheat growing
season and irrigated as needed until the end of the experiment
(80 days after planting).
At the end of each experiment, the plants were carefully
re-potted, and the roots were gently washed with a mild stream
of tap water. All the recorded data (Tables 1–5) were statisti-
cally analyzed using SAS software (SAS, 2013), and the mean
values were separated using Fisher’s Protected LSD. Due to
some zero values, data of the number of cysts/root system were
transformed to the square root of (x+ 1) before ANOVA.
3. Results and discussion
Data from the ﬁrst experiment (Table 1) showed that the
number of cysts/root system in the nematode control treatment
(nematode-infested soil) reached 9.2 and 16.4 cysts/root system
at Pi = 27 and 54 eggs/g soil, respectively. According to
Mathur et al. (1974) and Ireholm (1994), a cereal cultivar
should be designated as susceptible to H. avenae when more
than 3 cysts develop on its root system. The examined cultivar
(Yecora Rojo) has been previously reported to be a good host
for H. avenae in Saudi Arabia (Al-Hazmi and Dawabah,
2009). In general, the number of cysts/root system approxi-
mately doubled in all treatments when Pi was increased from
27 to 54 eggs/g soil (Table 1). These results are consistent with
those of Al-Hazmi et al. (1999) and Ibrahim et al. (1999), whofound that the nematode Pf increased as the H. avenae Pi was
increased. The two Pi levels used in this study (in the ﬁrst and
second experiments) were based on previous ﬁndings that the
damage threshold level for H. avenae on wheat and barley in
temperate semi-arid regions of Asia is considered to be 5–20
eggs and J2/g soil (Dhawan and Nagesh, 1987; Gill and Swa-
rup, 1971). Fenamiphos decreased (P 6 0.05) the number of
cysts/root system up to 95.7 and 95.1% at both tested Pi levels
(27 and 54 eggs/g soil, respectively) (Table 1). Non-fumigant
nematicides have previously been shown to reduce the number
of cysts on wheat (Kaushal and Seshadri, 1989; Osman et al.,
1994).
Urea ranked second to fenamiphos in reducing the number
of cysts/root system (by 53.7–71.7%, compared to the nema-
tode control) (Table 1). No signiﬁcant differences were found
in the number of cysts/root system when urea was applied at
a single dose or at three split doses. The other tested com-
pound fertilizers (MAP, DAP and NPK) also reduced the
number of cysts/root system by 34.8–51.2%, except for DAP
at Pi = 54 eggs/g soil (Table 1). Previous studies have shown
that urea and ammonia-releasing fertilizers are effective in
controlling many plant parasitic nematodes (Eno et al., 1955;
Mojtahedi and Lownsberry, 1976; Walker, 1971). In a pot
experiment in Iran, Seiﬁ and Bide (2013) found that urea
and some mineral fertilizers have signiﬁcantly reduced the
populations of the cereal cyst nematode, Heterodera ﬁlipjevi
Madzhidov 1981, on wheat, but urea was the most effective.
Indeed, urea and nitrogenous fertilizers are considered to be
good nematicides when applied at levels in excess of 300 and
150 kg N/ha soil, respectively (Alam, 1992; Huebner et al.,
1983; Rodriguez-Kabana, 1986; Rodriguez-Kabana and King,
1980; Walker, 1971). Urea is readily converted to ammonia
(NH3) by urease present in the soil. This conversion is neces-
sary if urea is to be effective both as a fertilizer and as a nem-
aticide (Mojtahedi and Lownsberry, 1976; Rodriguez-Kabana,
1986). The nematicidal properties of ammonia could be attrib-
uted to; (1) its plasmolysing effect in the immediate vicinity of
Table 3 Effects of urea and fenamiphos on the number of cysts that developed on the roots of wheat plants (cv. Yecora Rojo) grown
in soil naturally infested with Heterodera avenae, 80 days after planting (second outdoor pot experiment).
Treatment No. cysts/root system Overall means of
urea treatmentsPi = 00 eggs/g soilA Pi = 8 eggs/g soil Pi = 16 eggs/g soil
No urea
No fenamiphos 0.0* 14.6 18.8 6.6 a**
Fenamiphos (0.08 g/pot = 40 kg/ha) 0.0 2.6 3.6
Urea, (1.20 g/pot = 600 kg/ha at three split doses)
No fenamiphos 0.0 7.2 9.8 3.7 b
Fenamiphos (0.08 g/pot = 40 kg/ha) 0.0 2.4 3.0
Urea, (1.20 g/pot = 600 kg/ha at four split doses)
No fenamiphos 0.0 6.4 8.2 3.6 b
Fenamiphos (0.08 g/pot = 40 kg/ha) 0.0 2.6 4.2
Overall means of nematode treatments 0.0 c 6.0 b 7.9 a
Overall means of fenamiphos treatments:
No fenamiphos 7.2 a
Fenamiphos (0.08 g/pot = 40 kg/ha) 2.0 b
The original data were transformed to the square root of (x+ 1) before ANOVA.
* No. cyst/root system (presented values are the original mean values of ﬁve replicates).
** The overall mean values in a column followed by the same letter(s) are not signiﬁcantly different (P 6 0.05), based on the analysis of the
transformed data.
A Autoclaved soil (free control).
Table 4 Effects of urea and fenamiphos on the root dry weight (g) in wheat plants (cv. Yecora Rojo) grown in soil naturally infested
with Heterodera avenae, 80 days after planting (second outdoor pot experiment).
Treatment Root dry weight (g) Overall means of
urea treatments
Pi = 00 eggs/g soilA Pi = 8 eggs/g soil Pi = 16 eggs/g soil
No urea
No fenamiphos 1.76* 1.24 1.19 1.48 b**
Fenamiphos (0.08 g/pot = 40 kg/ha) 1.82 1.47 1.42
Urea, (1.20 g/pot = 600 kg/ha at three split doses)
No fenamiphos 1.91 1.61 1.53 1.77 a
Fenamiphos (0.08 g/pot = 40 kg/ha) 1.96 1.85 1.76
Urea, (1.20 g/pot = 600 kg/ha at four split doses)
No fenamiphos 2.18 1.68 1.59 1.88 a
Fenamiphos (0.08 g/pot = 40 kg/ha) 2.21 1.87 1.76
Overall means of nematode treatments 1.97 a 1.62 b 1.54 c
Overall means of fenamiphos treatments:
No fenamiphos 1.63 b
Fenamiphos (0.08 g/pot = 40 kg/ha) 1.79 a
LSD0.05: Nema · urea = 0.29, Nema · fenamiphos = 0.23, urea · fenamiphos = 0.23, Nema · urea · fenamiphos = 0.41.
* Root dry weight (presented values are the mean values of ﬁve replicates).
** The overall mean values of each factor (treatment) followed by the same letter(s) are not signiﬁcantly different (P 6 0.05).
A Autoclaved soil (free control).
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ammonia could exert a selective inﬂuence for microbial antag-
onists of nematodes, particularly fungi (Chavarria-Carvajal
and Rodriguez-Kabana, 1998; Rodriguez-Kabana, 1986;
Rodriguez-Kabana et al., 1981; Santana-Gomes et al., 2013).
The high rates of urea can result in signiﬁcant accumulations of ni-
trate and ammoniac N in soil, and consequently phytotoxicity.
This phytotoxic effect is due to the narrow C:N ratio of urea;
there is insufﬁcient available carbon in the soil treated with
nematicidal rates of urea alone to permit microbial utilization
of all the available nitrogen. Therefore, applying urea in
conjunction with a supplementary source of carbon is a viablemethod of controlling nematodes as well as reducing the
phytotoxic effect of the fertilizer (Huebner et al., 1983). However,
the inability of DAP to reduce the number of cysts/root system at
the highest Pi (54 eggs/g soil) is consistent with the ﬁndings of
Simon and Rovira (1985), who observed that the number of
cysts/wheat root system at the anthesis stage increased as the
amount of superphosphate was increased. It has also been
reported that ammonium sulfate application increases cyst popu-
lations, particularly when applied at seeding, whereas urea has
a marginal effect on cyst numbers (Barry et al., 1974).
The presence of H. avenae decreased (P 6 0.05) the dry
weight of the infected wheat plants at both Pi levels (27 and
Table 5 Effects of urea and fenamiphos on the shoot dry weight (g) in wheat plants (cv. Yecora Rojo) grown in soil naturally infested
with Heterodera avenae, 80 days after planting (second outdoor pot experiment).
Treatment Shoot dry weight (g) Overall means of
urea treatments
Pi = 00 eggs/g soilA Pi = 8 eggs/g soil Pi = 16 eggs/g soil
No urea
No fenamiphos 5.88* 4.89 4.40 5.16 b**
Fenamiphos (0.08 g/pot = 40 kg/ha) 5.94 5.05 4.77
Urea, (1.20 g/pot = 600 kg/ha at three split doses)
No fenamiphos 6.51 5.96 4.96 5.74 a
Fenamiphos (0.08 g/pot = 40 kg/ha) 6.35 5.60 5.02
Urea, (1.20 g/pot = 600 kg/ha at four split doses)
No fenamiphos 6.33 5.30 5.03 5.61 a
Fenamiphos (0.08 g/pot = 40 kg/ha) 6.44 5.44 5.09
Overall means of nematode treatments 6.24 a 5.39 b 4.88 c
Overall means of fenamiphos treatments:
No fenamiphos 5.48 a
Fenamiphos (0.08 g/pot = 40 kg/ha) 5.53 a
LSD0.05: Nema · urea = 0.61, Nema · fenamiphos = 0.50, urea · fenamiphos = 0.50, Nema · urea · fenamiphos = 0.86.
* Shoot dry weight (presented values are the mean values of ﬁve replicates).
** The overall mean values of each factor (treatment) followed by the same letter(s) are not signiﬁcantly different (P 6 0.05).
A Autoclaved soil (free control).
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previous studies by Al-Hazmi et al. (1999) and Ibrahim et al.
(1999), who found a negative relationship between the H. ave-
nae Pi and the dry weight of infected wheat plants. However,
urea, fenamiphos and NPK fertilizers, generally increased
(P 6 0.05) the dry weight of the infected wheat plants by
21.1–98.9%, compared to the nematode-infected plants
(Table 2). Similarly, it has been found that the straw and grain
yields of wheat plants infected with H. ﬁlipjevi have greatly in-
creased when soil was treated with urea and some mineral fer-
tilizers, but urea was the most effective in this respect (Seiﬁ and
Bide, 2013). In general, it has been found that both the growth
of nematode-infected plants and the nematode control increase
as the dose of the applied ammonia is increased (Alam, 1992).
However, the growth increase in H. avenae-infected wheat
plants caused by urea and NPK fertilizers observed in the pres-
ent study remained lower as compared to wheat plants grown
in non-infested soil (Table 2). Therefore, we can maximize the
growth of wheat plants in H. avenae-infested ﬁelds and obtain
good nematode control by combining other cultural practises
with the use of urea or NPK fertilizers. For example, Mathur
et al. (1991) found that 3–5 summer plowings at intervals of
7–10 days during May–June, combined with the application
of 80/90 kg N/ha to the wheat crop during the growing season,
resulted in yield increasing up to 117% in a ﬁeld that was nat-
urally infested with H. avenae (Pi > 5 larvae/g soil).
The second experiment was conducted to study the
combined effects of urea and fenamiphos on the reproduction
of H. avenae and on the growth of wheat plants. In this exper-
iment, urea (600 kg/ha) was applied in three or four equal split
doses to avoid any probable phytotoxic effects. Results from
this experiment have shown that the number of cysts/root
system (Table 3) also increased (P 6 0.05) when Pi was
increased from 8 to 16 eggs/g soil. This conﬁrms the results
found and discussed above in the ﬁrst experiment (Al-Hazmi
et al., 1999; Ibrahim et al., 1999). Furthermore, fenamiphos
was again found to reduce the number of cysts/plant mostsigniﬁcantly (P 6 0.05), followed by urea (applied either in
three or four split doses), conﬁrming the results of the ﬁrst
experiment. The combined application of fenamiphos and urea
(in three split doses) signiﬁcantly decreased (P 6 0.05) the
numbers of cysts/root system at the highest Pi (16 eggs/g soil)
(Table 3). The synergistic effects of nematicides and ammonia
or ammonia-releasing fertilizers in controlling plant parasitic
nematodes have been demonstrated and discussed in previous
reports as well (Rodriguez-Kabana et al., 1981, 1982).
Treatments with urea (in three or four split doses) increased
(P 6 0.05) the dry weights of both roots and shoots of infected
wheat plants (Tables 4 and 5). Fenamiphos increased
(P 6 0.05) root dry weight, but not shoot dry weight. How-
ever, when combined, urea and fenamiphos led to a greater in-
crease in shoot dry weight and (to a lesser extent) root dry
weight of infected wheat plants (Tables 4 and 5). These results
are consistent with those of Rodriguez-Kabana et al. (1981),
who showed that the application of ethylene dibromide
(EDB) together with anhydrous ammonia at planting resulted
in an increase in soybean yields and in the control of Meloido-
gyne arenaria, Meloidogyne incognita and Heterodera glycines,
and this increase was greater compared to when each chemical
was applied alone. Similar results were also obtained by com-
bining 1,3-dichloropropene (1,3-D) and ammonia, which led to
a good control of M. arenaria and M. incognita, and increased
soybean growth and yields (Rodriguez-Kabana et al., 1982).
Both experiments of this study were conducted in
H. avenae-naturally-infested soil (not in a sterilized soil) so that
the nematicidal effects of urea and NPK fertilizers could be
observed. Urea should be converted to ammonia by urease
produced by microorganisms in the soil to be effective as a
nematicide (Mojtahedi and Lownsberry, 1976; Rodriguez-Ka-
bana, 1986).
In conclusion, the present study has shown that the applica-
tion of urea and some compound fertilizers to naturally-
infested soils with the cereal cyst nematode (CCN), H. avenae,
can suppress the nematode populations and increase the wheat
196 A.S. Al-Hazmi, A.A.M. Dawabahgrowth. Furthermore, when this application is considered with
other control methods such as non-fumigant nematicides, the
control of the nematode is greatly enhanced.
Although this study has shown important ﬁndings, further
studies in naturally-infested ﬁelds are still needed. For exam-
ple, studies on summer plowings, and the application of urea,
nitrogenous fertilizers and nematicides can be combined to
achieve a good control of this important wheat nematode.
Consequently, we might be able to offer a feasible solution
for the cereal cyst nematode problem in wheat ﬁelds, particu-
larly in arid and semi-arid regions.Acknowledgments
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